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PHRASE-BASED INDEXING IN AN
INFORMATION RETRIEVAL SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

The application is related to the following applications:
Phrase Idenftification in an Information Retrieval System,
application Ser. No. 10/900,021, filed on Jul. 26, 2004;
Phrase-Based Searching in an Information Retrieval System,
application Ser. No. 10/900,041, filed on Jul. 26, 2004;
Phrase-Based Personalization of Searches in an Information
Retrieval System, application Ser. No. 10/900,039, filed on

Jul. 26, 2004;

Automatic Taxonomy Generation 1n Search Results Using
Phrases, application Ser. No. 10/900,259, filed on Jul. 26,
2004;

Phrase-Based Generation of Document Descriptions, appli-
cation Ser. No. 10/900,073, filed on Jul. 26, 2004; and
Phrase-Based Detection of Duplicate Documents 1n an Infor-

mation Retrieval System, application Ser. No. 10/900,012,

filed on Jul. 26, 2004, all of which are co-owned, and
incorporated by reference herein.

FIELD OF THE INVENTION

The present mvention relates to an information retrieval
system for indexing, searching, and classifying documents 1n
a large scale corpus, such as the Internet.

BACKGROUND OF THE INVENTION

Information retrieval systems, generally called search
engines, are now an essential tool for finding information 1n
large scale, diverse, and growing corpuses such as the Inter-
net. Generally, search engines create an index that relates
documents (or “pages”) to the individual words present 1n
cach document. A document 1s retrieved 1n response to a
query containing a number of query terms, typically based on
having some number of query terms present 1n the document.
The retrieved documents are then ranked according to other
statistical measures, such as frequency of occurrence of the
query terms, host domain, link analysis, and the like. The
retrieved documents are then presented to the user, typically
in their ranked order, and without any further grouping or
imposed hierarchy. In some cases, a selected portion of a text
ol a document 1s presented to provide the user with a glimpse
of the document’s content.

Direct “Boolean” matching of query terms has well known
limitations, and 1n particular does not identify documents that
do not have the query terms, but have related words. For
example, 1n a typical Boolean system, a search on “Australian
Shepherds” would not return documents about other herding
dogs such as Border Collies that do not have the exact query
terms. Rather, such a system i1s likely to also retrieve and
highly rank documents that are about Australia (and have
nothing to do with dogs), and documents about “shepherds™
generally.

The problem here 1s that conventional systems index docu-
ments based on individual terms, than on concepts. Concepts
are olten expressed in phrases, such as “Australian Shep-
herd,” “President of the United States,” or “Sundance Film
Festival”. At best, some prior systems will index documents
with respect to a predetermined and very limited set of
‘known’ phrases, which are typically selected by a human
operator. Indexing of phrases 1s typically avoided because of
the perceirved computational and memory requirements to
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identify all possible phrases of say three, four, or five or more
words. For example, on the assumption that any five words
could constitute a phrase, and a large corpus would have at
least 200,000 unique terms, there would approximately 3.2x
10°° possible phrases, clearly more than any existing system
could store in memory or otherwise programmatically
mampulate. A further problem 1s that phrases continually
enter and leave the lexicon in terms of their usage, much more
frequently than new individual words are invented. New
phrases are always being generated, from sources such tech-
nology, arts, world events, and law. Other phrases will decline
1n usage over time.

Some existing information retrieval systems attempt to
provide retrieval of concepts by using co-occurrence patterns
of individual words. In these systems a search on one word,
such as “President” will also retrieve documents that have
other words that frequently appear with “President”, such as
“White” and “House.” While this approach may produce
search results having documents that are conceptually related
at the level of individual words, 1t does not typically capture
topical relationships that inhere between co-occurring
phrases.

Accordingly, there 1s a need for an information retrieval
system and methodology that can comprehensively 1dentify
phrases in a large scale corpus, index documents according to
phrases, search and rank documents 1n accordance with their
phrases, and provide additional clustering and descriptive
information about the documents.

SUMMARY OF THE INVENTION

An iformation retrieval system and methodology uses
phrases to index, search, rank, and describe documents in the
document collection. The system 1s adapted to identily
phrases that have sufficiently frequent and/or distinguished
usage 1n the document collection to indicate that they are
“valid” or “good” phrases. In this manner multiple word
phrases, for example phrases of four, five, or more terms, can
be 1dentified. This avoids the problem of having to identify
and 1ndex every possible phrases resulting from the all of the
possible sequences of a given number of words.

The system 1s further adapted to 1dentily phrases that are
related to each other, based on a phrase’s ability to predict the
presence of other phrases 1n a document. More specifically, a
prediction measure 1s used that relates the actual co-occur-
rence rate o two phrases to an expected co-occurrence rate of
the two phrases. Information gain, as the ratio of actual co-
occurrence rate to expected co-occurrence rate, 1s one such
prediction measure. Two phrases are related where the pre-
diction measure exceeds a predetermined threshold. In that
case, the second phrase has significant information gain with
respect to the first phrase. Semantically, related phrases will
be those that are commonly used to discuss or describe a given
topic or concept, such as “President of the United States” and
“White House.” For a given phrase, the related phrases can be
ordered according to their relevance or significance based on
their respective prediction measures.

An information retrieval system imndexes documents 1n the
document collection by the valid or good phrases. For each
phrase, a posting list identifies the documents that contain the
phrase. In addition, for a given phrase, a second list, vector, or
other structure 1s used to store data indicating which of the
related phrases of the given phrase are also present 1n each
document containing the given phrase. In this manner, the
system can readily identily not only which documents con-
tain which phrases 1n response to a search query, but which
documents also contain phrases that are related to query
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phrases, and thus more likely to be specifically about the
topics or concepts expressed 1n the query phrases.

The use of phrases and related phrases further provides for
the creation and use of clusters of related phrases, which
represent semantically meaningful groupings of phrases.
Clusters are identified from related phrases that have very

high prediction measure between all of the phrases in the
cluster. Clusters can be used to organize the results of a
search, including selecting which documents to include 1n the
search results and their order, as well as eliminating docu-
ments from the search results.

The mmformation retrieval system 1s also adapted to use the
phrases when searching for documents in response to a query.
The query 1s processed to identily any phrases that are present
in the query, so as to retrieve the associated posting lists for
the query phrases, and the related phrase information. In
addition, 1n some 1nstances a user may enter an imcomplete
phrase 1n a search query, such as “President of the”. Incom-
plete phrases such as these may be 1dentified and replaced by
a phrase extension, such as “President of the United States.”
This helps ensure that the user’s most likely search 1s 1n fact
executed.

The related phrase information may also be used by the
system to 1dentily or select which documents to include in the
search result. The related phrase information 1ndicates for a
given phrase and a given document, which related phrases of
the given phrase are present 1n the given document. Accord-
ingly, for a query containing two query phrases, the posting
l1st for a first query phrase 1s processed to 1dentily documents
containing the first query phrase, and then the related phrase
information 1s processed to identily which of these docu-
ments also contain the second query phrase. These latter
documents are then included 1n the search results. This elimi-
nates the need for the system to then separately process the
posting list of the second query phrase, thereby providing
faster search times. Of course, this approach may be extended
to any number of phrases 1n a query, yielding in significant
computational and timing savings.

The system may be further adapted to use the phrase and
related phrase information to rank documents 1n a set of
search results. The related phrase information of a given
phrase 1s preferably stored 1n a format, such as a bit vector,
which expresses the relative significance of each related
phrase to the given phrase. For example, a related phrase bit
vector has a bit for each related phrase of the given phrase, and
the bits are ordered according to the prediction measures
(c.g., information gain) for the related phrases. The most
significant bit of the related phrase bit vector are associated
with the related phrase having the highest prediction measure,
and the least significant bit 1s associated with the related
phrase having a lowest prediction measure. In this manner, for
a given document and a given phrase, the related phrase
information can be used to score the document. The value of
the bit vector 1tself (as a value) may be used as the document
score. In this manner documents that contain high order
related phrases of a query phrase are more likely to be topi-
cally related to the query than those that have low ordered
related phrases. The bit vector value may also be used as a
component 1n a more complex scoring function, and addition-
ally may be weighted. The documents can then be ranked
according to their document scores.

Phrase mnformation may also be used in an mnformation
retrieval system to personalize searches for a user. A user 1s
modeled as a collection of phrases, for example, dertved from
documents that the user has accessed (e.g., viewed on screen,
printed, stored, etc.). More particularly, given a document
accessed by user, the related phrases that are present 1n this
document, are included i a user model or profile. During
subsequent searches, the phrases 1n the user model are used to
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filter the phrases of the search query and to weight the docu-
ment scores of the retrieved documents.

Phrase information may also be used in an information
retrieval system to create a description of a document, for
example the documents included 1n a set of search results.
(iven a search query, the system i1dentifies the phrases present
in the query, along with their related phrases, and their phrase
extensions. For a given document, each sentence of the docu-
ment has a count of how many of the query phrases, related
phrases, and phrase extensions are present in the sentence.
The sentences of document can be ranked by these counts
(individually or in combination), and some number of the top
ranking sentences (e.g., {ive sentences) are selected to form
the document description. The document description can then
be presented to the user when the document 1s included n
search results, so that the user obtains a better understanding,
of the document, relative to the query.

A Turther refinement of this process of generating docu-
ment descriptions allows the system to provide personalized
descriptions, that reflect the interests of the user. As before, a
user model stores information identitying related phrases that
are of 1interest to the user. This user model 1s intersected with
a list of phrases related to the query phrases, to i1dentily
phrases common to both groups. The common set 1s then
ordered according to the related phrase information. The
resulting set of related phrases 1s then used to rank the sen-
tences of a document according to the number of instances of
these related phrases present 1n each document. A number of
sentences having the highest number of common related
phrases 1s selected as the personalized document description.

An 1nformation retrieval system may also use the phrase
information to identity and eliminate duplicate documents,
either while indexing (crawling) the document collection, or
when processing a search query. For a given document, each
sentence of the document has a count of how many related
phrases are present in the sentence. The sentences of docu-
ment can be ranked by this count, and a number of the top
ranking sentences (e.g., five sentences) are selected to form a
document description. This description 1s then stored 1n asso-
ciation with the document, for example as a string or a hash of
the sentences. During indexing, a newly crawled document 1s
processed in the same manner to generate the document
description. The new document description can be matched
(e.g., hashed) against previous document descriptions, and 11
a match 1s found, then the new document i1s a duplicate.
Similarly, during preparation of the results of a search query,
the documents 1n the search result set can be processed to
climinate duplicates.

The present invention has further embodiments 1n system
and software architectures, computer program products and
computer implemented methods, and computer generated
user interfaces and presentations.

The foregoing are just some of the features of an informa-
tion retrieval system and methodology based on phrases.
Those of skill in the art of information retrieval will appreci-
ate the flexibility of generality of the phrase information
allows for a large variety of uses and applications in indexing,
document annotation, searching, ranking, and other areas of
document analysis and processing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s block diagram of the soitware architecture of one
embodiment of the present invention.

FIG. 2 1llustrates a method of identifying phrases 1n docu-
ments.

FIG. 3 1llustrates a document with a phrase window and a
secondary window.

FIG. 4 1llustrates a method of identifying related phrases.
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FIG. 5 illustrates a method of indexing documents for
related phrases.

FIG. 6 1llustrates a method of retrieving documents based
on phrases.

FIG. 7 illustrates operations of the presentation system to
present search results.

FIGS. 8a and 856 illustrate relationships between referenc-
ing and referenced documents.

The figures depict a preferred embodiment of the present
invention for purposes of illustration only. One skilled 1n the
art will readily recognize from the following discussion that
alternative embodiments of the structures and methods 11lus-
trated herein may be employed without departing from the
principles of the mvention described herein.

DETAILED DESCRIPTION OF THE INVENTION

I. System Overview

Referring now to FIG. 1, there 1s shown the soitware archi-
tecture of an embodiment of a search system 100 1n accor-
dance with one embodiment of present mvention. In this
embodiment, the system includes a indexing system 110, a
search system 120, a presentation system 130, and a front end
server 140.

The indexing system 110 1s responsible for identifying
phrases 1n documents, and indexing documents according to
their phrases, by accessing various websites 190 and other
document collections. The front end server 140 receives que-
ries from a user of a client 170, and provides those queries to
the search system 120. The search system 120 1s responsible
for searching for documents relevant to the search query
(search results), including identifying any phrases in the
search query, and then ranking the documents in the search
results using the presence of phrases to influence the ranking,
order. The search system 120 provides the search results to the
presentation system 130. The presentation system 130 1s
responsible for modifying the search results including remov-
ing near duplicate documents, and generating topical descrip-
tions of documents, and providing the modified search results
back to the front end server 140, which provides the results to
the client 170. The system 100 further includes an index 150
that stores the indexing information pertaining to documents,
and a phrase data store 160 that stores phrases, and related
statistical information.

In the context of this application, “documents™ are under-
stood to be any type of media that can be indexed and
retrieved by a search engine, including web documents,
images, multimedia files, text documents, PDFs or other
image formatted files, and so forth. A document may have one
Or more pages, partitions, segments or other components, as
appropriate to 1ts content and type. Equivalently a document
may be referred to as a “page,” as commonly used to refer to
documents on the Internet. No limitation as to the scope of the
invention 1s 1mplied by the use of the generic term “docu-
ments.” The search system 100 operates over a large corpus of
documents, such as the Internet and World Wide Web, but can
likewise be used 1n more limited collections, such as for the
document collections of a library or private enterprises. In
either context, 1t will be appreciated that the documents are
typically distributed across many different computer systems
and sites. Without loss of generality then, the documents
generally, regardless of format or location (e.g., which web-
site or database) will be collectively referred to as a corpus or
document collection. Each document has an associated 1den-
tifier that uniquely identifies the document; the 1dentifier 1s
preferably a URL, but other types of identifiers (e.g., docu-
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ment numbers ) may be used as well. In this disclosure, the use
of URLs to 1dentily documents 1s assumed.

II. Indexing System

In one embodiment, the indexing system 110 provides
three primary functional operations: 1) identification of
phrases and related phrases, 2) indexing of documents with
respect to phrases, and 3) generation and maintenance of a
phrase-based taxonomy. Those of skill 1n the art will appre-
ciate that the indexing system 110 will perform other func-
tions as well 1n support of conventional indexing functions,
and thus these other operations are not further described
herein. The indexing system 110 operates on anindex 150 and
data repository 160 of phrase data. These data repositories are
further described below.

1. Phrase Identification

The phrase 1dentification operation of the indexing system
110 1dentifies “good” and “bad” phrases 1 the document
collection that are usetful to mndexing and searching docu-
ments. In one aspect, good phrases are phrases that tend to
occur 1n more than certain percentage ol documents 1n the
document collection, and/or are indicated as having a distin-
guished appearance 1 such documents, such as delimited by
markup tags or other morphological, format, or grammatical
markers. Another aspect of good phrases 1s that they are
predictive of other good phrases, and are not merely
sequences of words that appear in the lexicon. For example,
the phrase “President of the Umited States™ 1s a phrase that
predicts other phrases such as “George Bush™ and “Bill Clin-
ton.” However, other phrases are not predictive, such as “tell
down the stairs” or “top of the morning,” “out of the blue,”
since 1dioms and colloquisms like these tend to appear with
many other ditferent and unrelated phrases. Thus, the phrase
identification phase determines which phrases are good
phrases and which are bad (1.e., lacking 1n predictive power).

Referring to now FIG. 2, the phrase 1dentification process
has the following functional stages:

200: Collect possible and good phrases, along with fre-
quency and co-occurrence statistics of the phrases.

202: Classily possible phrases to either good or bad
phrases based on frequency statistics.

204: Prune good phrase list based on a predictive measure
derived from the co-occurrence statistics.

Each of these stages will now be described 1n further detail.

The first stage 200 1s a process by which the indexing
system 110 crawls a set of documents 1n the document col-
lection, making repeated partitions of the document collec-
tion over time. One partition 1s processed per pass. The num-
ber of documents crawled per pass can vary, and 1s preferably
about 1,000,000 per partition. It 1s preferred that only previ-
ously uncrawled documents are processed 1n each partition,
until all documents have been processed, or some other ter-
mination criteria 1s met. In practice, the crawling continues as
new documents are being continually added to the document
collection. The following steps are taken by the indexing
system 110 for each document that 1s crawled.

Traverse the words of the document with a phrase window
length of n, where n 1s a desired maximum phrase length. The
length of the window will typically be at least 2, and prefer-
ably 4 or 5 terms (words). Preferably phrases include all
words 1n the phrase window, including what would otherwise
be characterized as stop words, such as “a”, “the,” and so
forth. A phrase window may be terminated by an end of line,
a paragraph return, a markup tag, or other indicia of a change
in content or format.

FIG. 3 illustrates a portion of a document 300 during a
traversal, showing the phrase window 302 starting at the word
“stock” and extending 5 words to the right. The first word 1n
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the window 302 1s candidate phrase 1, and the each of the
sequences 1+1, 1+2, 1+3, 1+4, and 145 1s likewise a candidate
phrase. Thus, 1n this example, the candidate phrases are:
“stock™, “stock dogs”, “stock dogs for”, “stock dogs for the”,
“stock dogs for the Basque”, and “stock dogs for the Basque
shepherds”.

In each phrase window 302, each candidate phrase 1s
checked in turn to determine 111t 1s already present 1n the good
phrase list 208 or the possible phrase list 206. I the candidate
phrase 1s not present in either the good phrase list 208 or the
possible phrase list 206, then the candidate has already been
determined to be “bad” and 1s skipped.

If the candidate phrase 1s 1n the good phrase list 208, as
entry g, then the index 150 entry for phrase g, 1s updated to
include the document (e.g., 1ts URL or other document 1den-
tifier), to indicate that this candidate phrase g, appears in the
current document. An entry in the index 150 for a phrase g (or
a term) 1s referred to as the posting list of the phrase g . The
posting list includes a list of documents d (by their document
identifiers, e.g. a document number, or alternatively a URL)

in which the phrase occurs.

In addition, the co-occurrence matrix 212 i1s updated, as
turther explained below. In the very first pass, the good and
bad lists will be empty, and thus, most phrases will tend to be

added to the possible phrase list 206.

If the candidate phrase 1s not in the good phrase list 208
then 1t 1s added to the possible phrase list 206, unless it 1s
already present therein. Each entry p on the possible phrase
list 206 has three associated counts:

P(p): Number of documents on which the possible phrase
appears;

S(p): Number of all instances of the possible phrase; and

M(p): Number of interesting instances of the possible
phrase. An istance of a possible phrase 1s “interesting”
where the possible phrase 1s distinguished from neighboring,
content in the document by grammatical or format markers,
for example by being 1n boldface, or underline, or as anchor
text in a hyperlink, or 1n quotation marks. These (and other)
distinguishing appearances are idicated by various HIML
markup language tags and grammatical markers. These sta-

tistics are maintained for a phrase when it 1s placed on the
good phrase list 208.

In addition the various lists, a co-occurrence matrix 212
() for the good phrases 1s maintained. The matrix G has a
dimension of mxm, where m 1s the number of good phrases.
Each entry G(3.k) in the matrnix represents a pair of good
phrases (g, g;). The co-occurrence matrix 212 logically
(though not necessarily physically) maintains three separate
counts for each pair (g,, g,) of good phrases with respect to a
secondary window 304 that 1s centered at the current word 1,
and extends +h words. In one embodiment, such as 1llustrated
in FIG. 3, the secondary window 304 1s 30 words. The co-
occurrence matrix 212 thus maintains:

R(1,k): Raw Co-occurrence count. The number of times
that phrase g, appears in a secondary window 304 with phrase

s
D(.k): Disjunctive Interesting count. The number of times

that either phrase g, or phrase g; appears as distinguished text
in a secondary window; and

C(1,k): Conjunctive Interesting count: the number of times
that both g; and phrase g, appear as distinguished text in a
secondary window. The use of the conjunctive interesting
count 1s particularly beneficial to avoid the circumstance
where a phrase (e.g., a copyright notice) appears frequently in
sidebars, footers, or headers, and thus 1s not actually predic-
tive of other text.
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Referring to the example of FIG. 3, assume that the “stock
dogs™ 1s on the good phrase list 208, as well as the phrases
“Australian Shepherd” and “Australian Shepard Club of
America”. Both of these latter phrases appear within the
secondary window 304 around the current phrase “stock
dogs”. However, the phrase “Australian Shepherd Club of
America” appears as anchor text for a hyperlink (indicated by
the underline) to website. Thus the raw co-occurrence count
for the pair {“stock dogs”, “Australian Shepherd”} is incre-
mented, and the raw occurrence count and the disjunctive
interesting count for {“stock dogs”, “Australian Shepherd
Club of America”} are both incremented because the latter
appears as distinguished text.

The process of traversing each document with both the
sequence window 302 and the secondary window 304, 1s
repeated for each document 1n the partition.

Once the documents 1n the partition have been traversed,
the next stage of the indexing operation 1s to update 202 the
good phrase list 208 from the possible phrase list 206. A
possible phrase p on the possible phrase list 206 1s moved to
the good phrase list 208 11 the frequency of appearance of the
phrase and the number of documents that the phrase appears
in indicates that 1t has suificient usage as semantically mean-
ingtul phrase.

In one embodiment, this 1s tested as follows. A possible
phrase p 1s removed from the possible phrase list 206 and
placed on the good phrase list 208 if:

a) P(p)>10 and S(p)>20 (the number of documents con-
taining phrase p 1s more than 10, and the number of occur-
rences ol phrase p 1s more then 20); or

b) M(p)>3 (the number of interesting instances of phrase p
1s more than 3).

These thresholds are scaled by the number of documents 1n
the partition; for example 11 2,000,000 documents are crawled
in a partition, then the thresholds are approximately doubled.
Of course, those of skill 1n the art will appreciate that the
specific values of the thresholds, or the logic of testing them,
can be varied as desired.

If a phrase p does not quality for the good phrase list 208,
then 1t 1s checked for qualification for being a bad phrase. A
phrase p 1s a bad phrase 1f:

a) number ol documents containing phrase, P(p)<2; and

b) number of interesting instances of phrase, M(p)=0.

These conditions i1ndicate that the phrase 1s both inire-
quent, and not used as 1ndicative of significant content and
again these thresholds may be scaled per number of docu-
ments 1n the partition.

It should be noted that the good phrase list 208 will natu-
rally include individual words as phrases, in addition to multi-
word phrases, as described above. This 1s because each the
first word 1n the phrase window 302 1s always a candidate
phrase, and the appropriate instance counts will be accumu-
lated. Thus, the indexing system 110 can automatically index
both mndividual words (1.e., phrases with a single word) and
multiple word phrases. The good phrase list 208 will also be
considerably shorter than the theoretical maximum based on
all possible combinations of m phrases. In typical embodi-
ment, the good phrase list 208 will include about 6.5x10°
phrases. A list of bad phrases 1s not necessary to store, as the
system need only keep track of possible and good phrases.

By the final pass through the document collection, the list
of possible phrases will be relatively short, due to the
expected distribution of the use of phrases 1n a large corpus.
Thus, if say by the 10” pass (e.g., 10,000,000 documents), a
phrase appears for the very first time, 1t 1s very unlikely to be
a good phrase at that time. It may be new phrase just coming
into usage, and thus during subsequent crawls becomes
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increasingly common. In that case, 1ts respective counts will
increases and may ultimately satisty the thresholds for being
a good phrase.

The third stage of the indexing operation 1s to prune 204 the
good phrase list 208 using a predictive measure derived from
the co-occurrence matrix 212. Without pruning, the good
phrase list 208 1s likely to include many phrases that while
legitimately appearing 1n the lexicon, themselves do not sui-
ficiently predict the presence of other phrases, or themselves
are subsequences of longer phrases. Removing these weak
good phrases results 1n a very robust likely of good phrases.
To 1dentity good phrases, a predictive measure 1s used which
expresses the increased likelihood of one phrase appearing 1in
a document given the presence of another phrase. This 1s
done, 1n one embodiment, as follows:

As noted above, the co-occurrence matrix 212 1s an mxm
matrix of storing data associated with the good phrases. Each
row ] in the matrix represents a good phrase g, and each
column k represented a good phrase g,. For each good phrase
g, an expected value E(g ) 1s computed. The expected value E
1s the percentage ol documents 1n the collection expected to
contain g.. This 1s computed, for example, as the ratio of the
number ot documents containing g, to the total number 1 of
documents 1n the collection that have been crawled: P(3)/T.

As noted above, the number of documents containing g 1s
updated each time g; appears in a document. The value for
E(g;) can be updated each time the counts for g, are incre-
mented, or during this third stage.

Next, for each other good phrase g, (e.g., the columns of the
matrix), it 1s determined whether g predicts g;. A predictive
measure for g, 1s determined as follows:

1) compute the expected value E(g,). The expected co-
occurrence rate E(),k) of g, and g, it they were unrelated
phrases 1s then E(g,)*E(g,);

11) compute the actual co-occurrence rate A(j,k) ot g and
g.. This 1s the raw co-occurrence count R(j.k) divided by T,
the total number of documents:

1) g 1s said to predict g, where the actual co-occurrence
rate A(1,k) exceeds the expected co-occurrence rate E(1,k) by
a threshold amount.

In one embodiment, the predictive measure 1s information
gain. Thus, a phrase g; predicts another phrase g, when the
information gain I of g, in the presence of g; exceeds a thresh-

old. In one embodiment, this 1s computed as follows:

14, k)=AG, k) E(, k)
And good phrase g, predicts good phrase g, where:

1(j,k)>Information Gain threshold.

In one embodiment, the information gain threshold 1s 1.5,
but 1s preferably between 1.1 and 1.7. Raising the threshold
over 1.0 serves to reduce the possibility that two otherwise
unrelated phrases co-occur more than randomly predicted.

As noted the computation of information gain 1s repeated
tor each column k of the matrix G with respect to a given row
1. Once a row 1s complete, 11 the information gain for none of
the good phrases g, exceeds the information gain threshold,
then this means that phrase g, does not predict any other good
phrase. In that case, g; 1s removed from the good phrase list
208, essentially becoming a bad phrase. Note that the column
] for the phrase g, 1s not removed, as this phrase itself may be
predicted by other good phrases.

This step 1s concluded when all rows of the co-occurrence
matrix 212 have been evaluated.

The final step of this stage is to prune the good phrase list
208 to remove incomplete phrases. An incomplete phrase 1s a
phrase that only predicts 1ts phrase extensions, and which
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starts at the left most side of the phrase (1.e., the beginning of
the phrase). The “phrase extension” of phrase p 1s a super-
sequence that begins with phrase p. For example, the phrase
“President of” predicts “President of the United States”,
“President of Mexico”, “President of AT&T”, etc. All ofthese
latter phrases are phrase extensions of the phrase “President
of” since they begin with “President of” and are super-se-
quences thereof.

Accordingly, each phrase g; remaining on the good phrase
l1st 208 will predict some number of other phrases, based on
the information gain threshold previously discussed. Now, for
each phrase g, the indexing system 110 performs a string
match with each of the phrases g, that 1s predicts. The string
match tests whether each predicted phrase g, 1s a phrase
extension ot the phrase g . It all of the predicted phrases g, are
phrase extensions of phrase g, then phrase g, 1s incomplete,
and 1s removed from the good phrase list 208, and added to an
incomplete phrase list 216. Thus, 11 there 1s at least one phrase
g, that 1s not an extension ot g, then g 1s complete, and
maintained in the good phrase list 208. For example then,
“President of the United™ 1s an incomplete phrase because the
only other phrase that 1t predicts 1s “President of the United
States” which 1s an extension of the phrase.

The incomplete phrase list 216 1tself 1s very useful during
actual searching. When a search query 1s recerved, it can be
compared against the incomplete phase list 216. If the query
(or a portion thereol) matches an entry in the list, then the
search system 120 can lookup the most likely phrase exten-
sions of the incomplete phrase (the phrase extension having
the highest mnformation gain given the mcomplete phrase),
and suggest this phrase extension to the user, or automatically
search on the phrase extension. For example, 1f the search
query 1s “President of the United,” the search system 120 can
automatically suggest to the user “President of the United
States™ as the search query.

After the last stage of the indexing process 1s completed,
the good phrase list 208 will contain a large number of good
phrases that have been discovered in the corpus. Each of these
good phrases will predict at least one other phrase that 1s not
a phrase extension of 1t. That 1s, each good phrase 1s used with
suificient frequency and independence to represent meaning-
tul concepts or 1deas expressed in the corpus. Unlike existing
systems which use predetermined or hand selected phrases,
the good phrase list retlects phrases that actual are being used
in the corpus. Further, since the above process of crawling and
indexing 1s repeated periodically as new documents are added
to the document collection, the indexing system 110 auto-
matically detects new phrases as they enter the lexicon.

2. Identification of Related Phrases and Clusters of Related
Phrases

Referring to FIG. 4, the related phrase identification pro-
cess mcludes the following functional operations.

400: Identity related phrases having a high information
gain value.

402: Identity clusters of related phrases.
404: Store cluster bit vector and cluster number.

Each of these operations 1s now described 1n detail.

First, recall that the co-occurrence matrix 212 contains
good phrases g, each of which predicts at least one other good
phrase g, with an information gain greater than the informa-
tion gain threshold. To identify 400 related phrases then, for
each pair of good phrases (g, g;) the information gain is

compared with a Related Phrase threshold, e.g., 100. That 1s,
g and g, are related phrases where:

1(g:,&:.)>100.
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This high threshold 1s used to 1dentify the co-occurrences
of good phrases that are well beyond the statistically expected
rates. Statistically, 1t means that phrases g; and g; co-occur
100 times more than the expected co-occurrence rate. For
example, given the phrase “Monica Lewinsky” 1 a docu-
ment, the phrase “Bill Clinton™ 1s a 100 times more likely to
appear 1n the same document, then the phrase “Bill Clinton™
1s likely to appear on any randomly selected document.
Another way of saying this 1s that the accuracy of the predi-
cation 1s 99.999% because the occurrence rate 1s 100:1.

Accordingly, any entry (g, g,) that 1s less the Related
Phrase threshold 1s zeroed out, indicating that the phrases g,
g. are not related. Any remaining entries 1n the co-occurrence
matrix 212 now indicate all related phrases.

The columns g, in each row g; of the co-occurrence matrix
212 are then sorted by the information gain values I(g , g,), so
that the related phrase g, with the highest information gain 1s
listed first. This sorting thus identifies for a given phrase g .
which other phrases are most likely related 1n terms of 1nfor-
mation gain.

The next step 1s to determine 402 which related phrases
together form a cluster of related phrases. A cluster i1s a set of
related phrases 1n which each phrase has high information

gain with respect to at least one other phrase. In one embodi-
ment, clusters are identified as follows.

In each row g, of the matrix, there will be one or more other
phrases that are related to phrase g . This set 1s related phrase
set R, where R={g, g, . . . 2,,}-

For each related phrase m in R, the indexing system 110
determines if each of the other related phrases 1 R 1s also
related to g . Thus, 11 I(g,, g;) 1s also non-zero, then g, g,, and
g, are part of a cluster. This cluster test 1s repeated for each pair

(&5 g,) M R.

For example, assume the good phrase “Bill Clinton™ 1s
related to the phrases “President”, “Monica Lewinsky”,
because the information gain of each of these phrases with
respect to “Bill Clinton™ exceeds the Related Phrase thresh-
old. Further assume that the phrase “Monica Lewinsky™ 1s
related to the phrase “purse designer”’. These phrases then
form the set R. To determine the clusters, the indexing system
110 evaluates the information gain of each of these phrases to
the others by determiming their corresponding information
gains. Thus, the indexing system 110 determines the infor-
mation gain I(*President”, “Monica Lewinsky”), I(*Presi-
dent”, “purse designer’”), and so forth, for all pairs in R. In this
example, “Bill Clinton,” “President”, and “Monica Lewin-
sky”” form a one cluster, “Bill Clinton,” and “President” form
a second cluster, and “Monica Lewinsky” and “purse
designer” form a third cluster, and “Monica Lewinsky™, “Bill
Clinton,” and “purse designer” form a fourth cluster. This 1s
because while “Bill Clinton” does not predict “purse
designer” with sufficient information gain, “Monica Lewin-
sky”” does predict both of these phrases.

To record 404 the cluster information, each cluster 1s
assigned a unique cluster number (cluster ID). This informa-
tion 1s then recorded 1n conjunction with each good phrase g .

In one embodiment, the cluster number 1s determined by a
cluster bit vector that also indicates the orthogonality rela-
tionships between the phrases. The cluster bit vector 1s a
sequence ol bits of length n, the number of good phrases 1n the
good phrase list 208. For a given good phrase g, the bit
positions correspond to the sorted related phrases R ot g .. A
bit 1s set 11 the related phrase g, in R 1s 1n the same cluster as
phrase g.. More generally, this means that the corresponding
bit 1n the cluster bit vector 1s set if there 1s information gain in
either direction between g; and g;.
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The cluster number then 1s the value of the bit string that
results. This implementation has the property that related
phrases that have multiple or one-way information gain
appear 1n the same cluster.

An example of the cluster bit vectors are as follows, using
the above phrases:

Monica purse  Cluster

Bill Clinton  President Lewinsky designer )
Bill Clinton 1 1 1 0 14
President 1 1 0 0 12
Monica 1 0 1 1 11
Lewinsky
purse 0 0 1 1 3
designer

To summarize then, after this process there will be 1denti-
fied for each good phrase g, a set of related phrases R, which
are sorted i order of information gain I(g, g,) from highest to
lowest. In addition, for each good phrase g, there will be a
cluster bit vector, the value of which 1s a cluster number
identitying the primary cluster of which the phrase g 1s a
member, and the orthogonality values (1 or O for each bit
position) indicating which of the related phrases 1n R are in
common clusters with g. Thus 1n the above example, “Bill
Clinton”, “President”, and “Monica Lewinsky™ are 1n cluster
14 based on the values of the bits 1n the row for phrase “Bill
Clinton™.

To store this mformation, two basic representations are
available. First, as indicated above, the information may be
stored 1n the co-occurrence matrix 212, wherein:

entry G[row j, col. k|=(I(; k), clusterNumber, cluster-
BitVector)

Alternatively, the matrix representation can be avoided,
and all information stored 1n the good phrase l1st 208, wherein
each row therein represents a good phrase g :

Phrase row =list [phrase g;, (1(7,k), clusterNumber,
clusterBitVector)].

This approach provides a useful organization for clusters.
First, rather than a strictly—and often arbitrarily—defined
hierarchy of topics and concepts, this approach recognizes
that topics, as indicated by related phrases, form a complex
graph of relationships, where some phrases are related to
many other phrases, and some phrases have a more limited
scope, and where the relationships can be mutual (each phrase
predicts the other phrase) or one-directional (one phrase pre-
dicts the other, but not vice versa). The result 1s that clusters
can be characterized “local” to each good phrase, and some
clusters will then overlap by having one or more common
related phrases.

For a given good phrase 2 then the ordering of the related
phrases by information gain provides a taxonomy for naming
the clusters of the phrase: the cluster name 1s the name of the
related phrase 1n the cluster having the highest information
oaln.

The above process provides a very robust way of 1dentify-
ing significant phrases that appear in the document collection,
and beneficially, the way these related phrases are used
together 1n natural “clusters™ in actual practice. As a result,
this data-driven clustering of related phrases avoids the biases
that are inherent 1n any manually directed “editorial” selec-
tion of related terms and concepts, as 1s common in many
systems.
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3. Indexing Documents with Phrases and Related Phrases

(Given the good phrase list 208, including the information
pertaining to related phrases and clusters, the next functional
operation of the indexing system 110 1s to index documents 1n
the document collection with respect to the good phrases and
clusters, and store the updated information 1n the index 150.
FIG. 5 illustrates this process, in which there are the following
functional stages for indexing a document:

500: Post document to the posting lists of good phrases
found 1n the document.

502: Update nstance counts and related phrase bit vector
for related phases and secondary related phrases.

504: Annotate documents with related phrase information.

506: Reorder index entries according to posting list size.

These stages are now described 1n turther detail.

A set of documents 1s traversed or crawled, as before; this
may be the same or a different set of documents. For a given
document d, traverse 500 the document word by word with a
sequence window 302 of length n, from position 1, in the
manner described above.

In a given phrase window 302, identify all good phrases in
the window, starting at position 1. Each good phrase 1s
denoted as g,. Thus, gl 1s the first good phrase, g2 would be
the second good phrase, and so forth.

For each good phrase g, (example gl “President” and g4
“President of AT'T”) post the document 1dentifier (e.g., the
URL) to the posting list for the good phrase g, 1n the index
150. This update 1dentifies that the good phrase g, appears 1n
this specific document.

In one embodiment, the posting list for a phrase g, takes the
following logical form:

Phrase g;: list: (document d, [list: related phase
counts] [related phrase information])

For each phrase g; there 1s a list of the documents d on
which the phrase appears. For each document, there i1s a list of
counts of the number of occurrences of the related phrases R
of phrase g, that also appear 1n document d.

In one embodiment, the related phrase information 1s a
related phase bit vector. This bit vector may be characterized
as a “b1-bi1t” vector, 1n that for each related phrase g, there are
two bit positions, g,—1, g, —2. The first bit position stores a flag
indicating whether the related phrase g, 1s present in the
documentd (1.e., the count for g, in document d 1s greater than
0). The second bit position stores a flag that indicates whether
a related phrase g, of g, 1s also present 1n document d. The
related phrases g, of a related phrase g, of a phrase g; are
herein called the “secondary related phrases of g The counts
and bit positions correspond to the canonical order of the
phrases 1n R (sorted in order of decreasing information gain).
This sort order has the etfect of making the related phrase g,
that 1s most highly predicted by g; associated with the most
significant bit of the related phrase bit vector, and the related
phrase g, that 1s least predicted by g, associated with the least
significant bit.

It 1s usetul to note that for a given phrase g, the length of the
related phrase bit vector, and the association of the related
phrases to the individual bits of the vector, will be the same
with respect to all documents containing g. This implemen-
tation has the property of allowing the system to readily
compare the related phrase bit vectors for any (or all) docu-
ments containing g, to see which documents have a given
related phrase. This 1s beneficial for facilitating the search
process to 1dentily documents in response to a search query.
Accordingly, a given document will appear in the posting lists
of many different phrases, and 1n each such posting list, the
related phrase vector for that document will be specific to the
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phrase that owns the posting list. This aspect preserves the
locality of the related phrase bit vectors with respect to indi-
vidual phrases and documents.

Accordingly, the next stage 502 includes traversing the
secondary window 304 of the current index position 1n the
document (as belore a secondary window of K terms, for
example, 30 terms), for example from 1-K to 1+K. For each
related phrase g, of g, that appears 1n the secondary window
304, the indexing system 110 increments the count of g, with
respect to document d 1in the related phrase count. If g, appears
later 1n the document, and the related phrase 1s found again
within the later secondary window, again the count is incre-
mented.

As noted, the corresponding first bit g,~1 1n the related
phrase bit map 1s set based on the count, with the bit set to 1
if the count for g, 1s >0, or set to 0 11 the count equals 0.

Next, the second bit, g,-2 1s set by looking up related
phrase g, in the index 150, identitying in g,’s posting list the
entry for document d, and then checking the secondary
related phrase counts (or bits) for g, for any its related
phrases. IT any of these secondary related phrases counts/bits
are set, then this indicates that the secondary related phrases
of g; are also present in document d.

When document d has been completely processed 1n this
manner, the mdexing system 110 will have identified the
following;:

1) each good phrase g; in document d;

11) for each good phrase g which ot its related phrases g, are
present 1n document d;

111) for each related phrase g, present in document d, which
of its related phrases g, (the secondary related phrases ot g )
are also present in document d.

a) Determining the Topics for a Document

The indexing of documents by phrases and use of the
clustering information provides yet another advantage of the
indexing system 110, which 1s the ability to determine the
topics that a document 1s about based on the related phrase
information.

Assume that for a given good phrase g and a given docu-
ment d, the posting list entry 1s as follows:

g:: document d: related phrase counts:={3,4,3,0,0,2,1,
1,0} related phrase bit vector:={11 11 10 00 00
1010 1001}

where, the related phrase bit vector 1s shown 1n the bi-bit
pairs.

From the related phrase bit vector, we can determine pri-
mary and secondary topics for the document d. A primary
topic 1s indicated by a bit pair (1,1), and a secondary topic 1s
indicated by a bit pair (1,0). A related phrase bit pair of (1,1)
indicates that both the related phrase g, for the bit pair 1s
present in document d, along the secondary related phrases g,
as well. This may be interpreted to mean that the author of the
document d used several related phrases g , g, and g, together
in drafting the document. A bit pair of (1,0) indicates that both
g and g; are present, but no further secondary related phrases
from g, are present, and thus this 1s a less significant topic.

b) Document Annotation for Improved Ranking

A Turther aspect of the indexing system 110 1s the ability to
annotate 304 each document d during the indexing process
with iformation that provides for improved ranking during
subsequent searches. The annotation process 506 is as fol-
lows.
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A given document d 1n the document collection may have
some number of outlinks to other documents. Each outlink (a
hyperlink) includes anchor text and the document identifier of
the target document. For purposes of explanation, a current
document d being processed will be referred to as URLO0, and
the target document of an outlink on document d will be
referred to as URL1. For later use 1n ranking documents in
search results, for every link in URL0, which points to some
other URL1, the indexing system 110 creates an outlink score
tor the anchor phrase of that link with respectto URLO0, and an
inlink score for that anchor phrase with respect to URL1. That
1s, each link 1n the document collection has a pair of scores, an
outlink score and an inlink score. These scores are computed
as follows.

On a given document URLO, the indexing system 110
identifies each outlink to another document URIL1, in which
the anchor text A 1s a phrase 1n the good phrase list 208. FIG.
8a 1llustrates schematically this relationship, in which anchor
text “A” 1n document URLO 1s used 1n a hyperlink 800.

In the posting list for phrase A, URLO0 1s posted as an
outlink of phrase A, and URL1 1s posted as an inlink of phrase
A. For URLDO, the related phrase bit vector 1s completed as
described above, to 1dentily the related phrases and secondary
related phrases of A present in URLO. Thuis related phrase bit
vector 1s used as the outlink score for the link from URLO to
URL1 containing anchor phrase A.

Next, the 1inlink score 1s determined as follow. For each
inlink to URL1 containing the anchor phrase A, the indexing
system 110 scans URL1, and determines whether phrase A
appears 1n the body of URLI1. If phrase A not only points to
URL1 (via aoutlink on URL0), but also appears 1n the content
of URL1 1tself, this suggests that URL1 can be said to be
intentionally related to the concept represented by phrase A.
FIG. 8b illustrates this case, where phrase A appears 1n both
URLO (as anchor text) and 1n the body of URLI1. In this case,
the related phrase bit vector for phrase A for URL1 1s used as
the inlink score for the link from URL0 to URL1 contaiming,
phrase A.

If the anchor phrase A does not appear in the body of URL1
(as 1n FIG. 8a), then a different step 1s taken to determine the
inlink score. In this case, the indexing system 110 creates a
related phrase bit vector for URLI1 for phrase A (as 1f phrase
A was present in URL1) and indicating which of the related
phrases of phrase A appear in URL1. This related phrase bit
vector 1s then used as the inlink score for the link from URL0
to URLL1.

For example, assume the following phrases are initially
present in URLO and URLI:

Anchor
Phrase Related Phrase Bit Vector
Australian blue red agility
Document  Shepherd  Aussie merle merle tricolor training
URLO 1 1 0 0 0 0
URL1 1 0 1 1 1 0

(In the above, and following tables, the secondary related
phrase bits are not shown). The URLO0 row 1s the outlink score
of the link from anchor text A, and the URL1 row 1s the inlink
score of the link. Here, URLO contains the anchor phrase
“Australian Shepard” which targets URL1. Of the five related
phrases of “Australian Shepard”, only one, “Aussie” appears
in URLO. Intuitively then, URLO 1s only weakly about Aus-
tralian Shepherds. URL1, by comparison, not only has the
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phrase “Australian Shepherd” present in the body of the docu-
ment, but also has many of the related phrases present as well,
“blue merle,” “red merle,” and “tricolor”” Accordingly,
because the anchor phrase “Australian Shepard™ appears 1n
both URLO and URL1, the outlink score for URLO0, and the

inlink score for URL1 are the respective rows shown above.

The second case described above 1s where anchor phrase A
does not appear 1n URL1. In that, the indexing system 110
scans URL1 and determines which of the related phrases
“Aussie,” “blue merle,” “red merle,” “tricolor,” and “agility
training’” are present in URL1, and creates an related phrase
bit vector accordingly, for example:

- B 1

Anchor
Phrase Related Phrase Bit Vector
Australian blue red agility
Document  Shepherd  Aussie merle merle tricolor traming
URLO 1 1 0 0 0 0
URL1 0 0 1 1 1 0

Here, this shows that the URL1 does not contain the anchor
phrase “Australian Shepard”, but does contain the related
phrases “blue merle”, “red merle”, and “tricolor”.

This approach has the benefit of entirely preventing certain
types of manipulations of web pages (a class of documents) in
order to skew the results of a search. Search engines that use
a ranking algorithm that relies on the number of links that
point to a given document 1n order to rank that document can
be “bombed™ by artificially creating a large number of pages
with a given anchor text which then point to a desired page. As
a result, when a search query using the anchor text 1s entered,
the desired page 1s typically returned, even 11 1n fact this page
has little or nothing to do with the anchor text. Importing the
related bit vector from a target document URL1 into the
phrase A related phrase bit vector for document URL0 elimi-
nates the reliance of the search system on just the relationship
of phrase A 1 URLO pointing to URL1 as an indicator of
significance or URLI1 to the anchor text phrase.

Each phrase in the index 150 1s also given a phrase number,
based on 1ts frequency of occurrence 1n the corpus. The more
common the phrase, the lower phrase number 1t recerves order
in the index. The indexing system 110 then sorts 506 all of the
posting lists 1n the index 150 1n declining order according to
the number of documents listed phrase number of 1n each
posting list, so that the most frequently occurring phrases are
listed first. The phrase number can then be used to look up a
particular phrase.

III. Search System

The search system 120 operates to receive a query and
search for documents relevant to the query, and provide a list
of these documents (with links to the documents) 1n a set of
search results. FIG. 6 illustrates the main functional opera-

tions of the search system 120:
600: Identify phrases 1n the query.
602: Retrieve documents relevant to query phrases.

604: Rank documents in search results according to
phrases.

The details of each of these of these stages 1s as follows.

1. Identification of Phrases in the Query and Query Expan-
s101

The first stage 600 of the search system 120 1s to 1dentily
any phrases that are present in the query in order to effectively
search the index. The following terminology 1s used 1n this
section:
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g: a query as iput and receive by the search system 120.

Qp: phrases present in the query.

Qr: related phrases of Qp.

Qe: phrase extensions of Qp.

Q: the union of Qp and Qr.

A query q1srecerved from a client 190, having up to some
maximum number of characters or words.

A phrase window of size N (e.g., 5) 1s used by the search
system 120 to traverse the terms of the query q. The phrase
window starts with the first term of the query, extends N terms
to the right. This window 1s then shifted right M-N times,
where M 1s the number of terms 1n the query.

At each window position, there will be N terms (or fewer)
terms 1n the window. These terms constitute a possible query
phrase. The possible phrase 1s looked up 1n the good phrase
list 208 to determine if 1t 1s a good phrase or not. If the
possible phrase 1s present in the good phrase list 208, then a
phrase number 1s returned for phrase; the possible phrase 1s
now a candidate phrase.

After all possible phrases in each window have been tested
to determine 1f they are good candidate phrases, the search
system 120 will have a set of phrase numbers for the corre-
sponding phrases in the query. These phrase numbers are then
sorted (declining order).

Starting with the highest phrase number as the first candi-
date phrase, the search system 120 determines 1f there is
another candidate phrase within a fixed numerical distance
within the sorted list, 1.e., the difference between the phrase
numbers 1s within a threshold amount, e.g. 20,000. If so, then
the phrase that 1s leftmost 1n the query is selected as a valid
query phrase Qp. This query phrase and all of 1ts sub-phrases
1s removed from the list of candidates, and the list 1s resorted
and the process repeated. The result of this process 1s a set of
valid query phrases Qp.

For example, assume the search query 1s “Hillary Rodham
Clinton Bill on the Senate Floor”. The search system 120
would 1dentity the following candidate phrases, “Hillary
Rodham Clinton Bill on,” “Hillary Rodham Clinton Bill,” and
“Hillary Rodham Clinton”. The first two are discarded, and
the last one 1s kept as a valid query phrase. Next the search
system 120 would 1dentity “Bill on the Senate Floor”, and the
subsphrases “Bill on the Senate”, “Bill on the”, “Bill on”,
“Bill”, and would select “Bill” as a valid query phrase Qp.
Finally, the search system 120 would parse “on the senate
floor” and 1dentily “Senate Floor” as a valid query phrase.

Next, the search system 120 adjusts the valid phrases Qp
for capitalization. When parsing the query, the search system
120 1dentifies potential capitalizations in each valid phrase.
This may be done using a table of known capitalizations, such
as “united states” being capitalized as “United States™, or by
using a grammar based capitalization algorithm. This pro-
duces a set of properly capitalized query phrases.

The search system 120 then makes a second pass through
the capitalized phrases, and selects only those phrases are
leftmost and capitalized where both a phrase and its sub-
phrase 1s present in the set. For example, a search on “presi-
dent of the united states” will be capitalized as “President of
the United States”.

In the next stage, the search system 120 identifies 602 the
documents that are relevant to the query phrases Q. The
search system 120 then retrieves the posting lists of the query
phrases Q, and 1ntersects these lists to determine which docu-
ments appear on the all (or some number) of the posting lists
tor the query phrases. If a phrase Q in the query has a set of
phrase extensions Qe (as further explained below), then the
search system 120 first forms the union of the posting lists of
the phrase extensions, prior to doing the intersection with the
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posting lists. The search system 120 identifies phrase exten-
sions by looking up each query phrase Q 1n the mncomplete
phrase list 216, as described above.

The result of the 1intersection 1s a set of documents that are
relevant to the query. Indexing documents by phrases and
related phrases, identifying phrases Q 1n the query, and then
expanding the query to include phrase extensions results 1n
the selection of a set of documents that are more relevant to
the query then would result in a conventional Boolean based
search system in which only documents that contain the query
terms are selected.

In one embodiment, the search system 120 can use an
optimized mechanism to identify documents responsive to
the query without having to intersect all of the posting lists of
the query phrases Q. As a result of the structure of the index
150, for each phrase g, the related phrases g, are known and
identified 1n the related phrase bit vector for g,. Accordingly,
this information can be used to shortcut the intersection pro-
cess where two or more query phrases are related phrases to
cach other, or have common related phrases. In those cases,
the related phrase bit vectors can be directly accessed, and
then used next to retrieve corresponding documents. This
process 1s more fully described as follows.

(Given any two query phrases Q1 and (2, there are three
possible cases of relations:

1) Q2 1s a related phrase of Q1;

2) Q2 1s not a related phrase of Q1 and their respective
related phrases Qrl and Qr2 do not intersect (1.e., no common
related phrases); and

3) Q2 1s not a related phrase of Q1, but their respective
related phrases Qrl and Qr2 do intersect.

For each pair of query phrases the search system 120 deter-
mines the appropriate case by looking up the related phrase
bit vector of the query phrases Qp.

The search system 120 proceeds by retrieving the posting,
list for query phrase Q1, which contains the documents con-
taining (Q1, and for each of these documents, a related phrase
bit vector. The related phrase bit vector for Q1 will indicated
whether phrase Q2 (and each of the remaining query phrases,
iI any) 1s a related phrase of (Q1 and 1s present 1n the docu-
ment.

If the first case applies to QQ2, the search system 120 scans
the related phrase bit vector for each document d 1n Q1’s
posting list to determine 11 1t has a bit set for Q2. It this bit 1s
not set 1 for document d in Q1’s posting list, then 1t means
that Q2 does not appear 1n that document. As result, this
document can be immediately eliminated from further con-
sideration. The remaining documents can then be scored. This
means further that it 1s unnecessary for the search system 120
to process the posting lists of Q2 to see which documents it 1s
present 1n as well, thereby saving compute time.

I1 the second case applies to (Q2, then the two phrases are
unrelated to each other. For example the query “cheap bolt
action rifle” has two phrases “cheap’ and “bolt action ritle”.
Neither of these phrases 1s related to each other, and further
the related phrases of each of these do not overlap; 1.e.,
“cheap” has related phrases “low cost,” “inexpensive,” “dls-
count,” “bargain basement,” and “lousy,”, whereas “bolt
action ritle” has related phrases “gun,” “22 caliber”, “maga-
zine fed,” and “Armalite AR-30M”, which lists thus do not
intersect. In this case, the search system 120 does the regular
intersection of the posting lists of Q1 and Q2 to obtain the
documents for scoring.

I1 the third case applies, then here the two phrases Q1 and
Q2 that are not related, but that do have at least one related
phrase 1n common. For example the phrases “boltactionrifle”
and “22” would both have “gun” as a related phase. In this
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case, the search system 120 retrieves the posting lists of both
phrases Q1 and Q2 and intersects the lists to produce a list of
documents that contain both phrases.

The search system 120 can then quickly score each of the
resulting documents. First, the search system 120 determines
a score adjustment value for each document. The score adjust-
ment value 1s a mask formed from the bits 1n the positions
corresponding to the query phrases Q1 and Q2 1n the related
phrase bit vector for a document. For example, assume that
Q1 and Q2 correspond to the 3" and 6” bi-bit positions in the
related phrase bit vector for document d, and the bit values in
3" position are (1,1) and the bit values in the 6 pair are (1,0),
then the score adjustment value 1s the bit mask “00 00 11 00
00 10”. The score adjustment value 1s then used to mask the
related phrase bit vector for the documents, and modified
phrase bit vectors then are passed into the ranking function
(next described) to be used 1n calculating a body score for the

documents.
2. Ranking

a) Ranking Documents Based on Contained Phrases

The search system 120 provides a ranking stage 604 in
which the documents 1n the search results are ranked, using,
the phrase information 1n each document’s related phrase bit
vector, and the cluster bit vector for the query phrases. This
approach ranks documents according to the phrases that are
contained 1n the document, or informally “body hits.”

As described above, for any given phrase g, each docu-
ment d in the g ’s posting list has an associated related phrase
bit vector that identifies which related phrases g, and which
secondary related phrases g, are present 1n document d. The
more related phrases and secondary related phrases present in
a given document, the more bits that will be set 1n the docu-
ment’s related phrase bit vector for the given phrase. The
more bits that are set, the greater the numerical value of the
related phrase bit vector.

Accordingly, in one embodiment, the search system 120
sorts the documents in the search results according to the
value of their related phrase bit vectors. The documents con-
taining the most related phrases to the query phrases QQ waill
have the highest valued related phrase bit vectors, and these
documents will be the highest-ranking documents 1n the
search results.

This approach 1s desirable because semantically, these
documents are most topically relevant to the query phrases.
Note that this approach provides highly relevant documents
even 1f the documents do not contain a high frequency of the
input query terms g, since related phrase information was
used to both 1dentily relevant documents, and then rank these
documents. Documents with a low frequency of the mput
query terms may still have a large number of related phrases
to the query terms and phrases and thus be more relevant than
documents that have a high frequency of just the query terms
and phrases but no related phrases.

In a second embodiment, the search system 120 scores
cach document in the result set according which related
phrases of the query phrase Q 1t contains. This 1s done as
follows:

(Given each query phrase (), there will be some number N of
related phrases Qr to the query phrase, as 1dentified during the
phrase 1dentification process. As described above, the related
query phrases Qr are ordered according to their information
gain from the query phrase Q. These related phrases are then
assigned points, started with N points for the first related
phrase Qrl (i.e., the related phrase Qr with the highest infor-
mation gain from Q), then N-1 points for the next related
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phrase Qr2, then N-2 points for Qr3, and so on, so that the last
related phrase QrN 1s assigned 1 point.

Each document in the search results i1s then scored by
determining which related phrases Qr of the query phrase Q
are present, and giving the document the points assigned to
cach such related phrase Qr. The documents are then sorted
from highest to lowest score.

As a further refinement, the search system 120 can cull
certain documents from the result set. In some cases docu-
ments may be about many different topics; this 1s particularly
the case for longer documents. In many cases, users prefer
documents that are strongly on point with respect to a single
topic expressed 1n the query over documents that are relevant
to many different topics.

To cull these latter types of documents, the search system
120 uses the cluster information 1n the cluster bit vectors of
the query phrases, and removes any document 1n which there
are more than a threshold number of clusters 1n the document.
For example, the search system 120 can remove any docu-
ments that contain more than two clusters. This cluster thresh-
old can be predetermined, or set by the user as a search
parameter.

b) Ranking Documents Based on Anchor Phrases

In addition to ranking the documents 1n the search results
based on body hits of query phrases QQ, 1n one embodiment,
the search system 120 also ranks the documents based on the
appearance ol query phrases (Q and related query phrases Qr
in anchors to other documents. In one embodiment, the search
system 120 calculates a score for each document that 1s a
function (e.g., linear combination) of two scores, a body hit
score and an anchor hit score.

For example, the document score for a given document can
be calculated as follows:

Score=0.30*(body hit score)+0.70*(anchor hit score).

The weights of 0.30 and 0.70 can be adjusted as desired.
The body hit score for a document 1s the numerical value of
the highest valued related phrase bit vector for the document,
given the query phrases Qp, 1n the manner described above.
Alternatively, this value can directly obtained by the search
system 120 by looking up each query phrase Q 1n the index
150, accessing the document from the posting list of the query
phrase QQ and then accessing the related phrase bit vector.

The anchor hit score of a document d a function of the
related phrase bit vectors of the query phrases QQ, where Q 1s
an anchor term 1n a document that references document d.
When the indexing system 110 indexes the documents 1n the
document collection, 1t maintains for each phrase a list of the
documents 1n which the phrase 1s anchor text in an outlink,
and also for each document a list of the inlinks (and the
associated anchor text) from other documents. The inlinks for
a document are references (e.g. hyperlinks) from other docu-
ments (referencing documents) to a given document.

To determine the anchor hit score for a given document d
then, the search system 120 iterates over the set of referencing
documents R (1=1 to number of referencing documents) listed
in index by their anchor phrases QQ, and sums the following
product:

R..Q.Related phrase bit vector*D.Q.Related phrase bit
vector.

The product value here 1s a score of how topical anchor
phrase Q 1s to document D. This score 1s here called the
“inbound score component.” This product effectively weights
the current document D’s related bit vector by the related bit
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vectors of anchor phrases 1n the referencing document R. IT
the referencing documents R themselves are related to the
query phrase QQ (and thus, have a higher valued related phrase
bit vector), then this increases the significance of the current
document D score. The body hit score and the anchor hit score
are then combined to create the document score, as described
above.

Next, for each of the referencing documents R, the related
phrase bit vector for each anchor phrase Q 1s obtained. This 1s
a measure of how topical the anchor phrase Q) 1s to the docu-
ment R. This value 1s here called the outbound score compo-
nent.

From the index 150 then, all of the (referencing document,
referenced document) pairs are extracted for the anchor
phrases Q. These pairs are then sorted by their associated
(outbound score component, inbound score component) val-
ues. Depending on the implementation, either of these com-
ponents can be the primary sort key, and the other can be the
secondary sort key. The sorted results are then presented to
the user. Sorting the documents on the outbound score com-
ponent makes documents that have many related phrases to
the query as anchor hits, rank most highly, thus representing,
these documents as “expert” documents. Sorting on the
inbound document score makes documents that frequently
referenced by the anchor terms the most high ranked.

3. Phrase Based Personalization of Search

Another aspect of the search system 120 1s the capability to
personalize 606 or customize the ranking of the search results
in accordance with a model of the user’s particular interests.
In this manner, documents that more likely to be relevant to
the user’s interests are ranked higher in the search results. The
personalization of search result 1s as follows.

As a preliminary matter, 1t 1s useful to define a user’s
interests (e.g., a user model) 1n terms ol queries and docu-
ments, both of which can be represented by phrases. For an
input search query, a query is represented by the query
phrases Q, the related phrases of Qr, and phrase extensions Qe
of the query phrases Qp. This set of terms and phrases thus
represents the meamng of the query. Next, the meaning of a
document 1s represented by the phrases associated with the
page. As described above, given a query and document, the
relevant phrases for the document are determined from the
body scores (the related bit vectors) for all phrases indexed to
the document. Finally, a user can be represented as the union
of a set of queries with a set of documents, 1n terms of the
phrases that represent each of these elements. The particular
documents to include 1n the set representing the user can be
determined from which documents the user selects in previ-
ous search results, or in general browsing of the corpus (e.g.,
accessing documents on the Internet), using a client-side tool
which monitors user actions and destinations.

The process of constructing and using the user model for
personalized ranking 1s as follows.

First, for a given user, a list of the last K queries and P
documents accessed 1s maintained, where K and P are pret-
erably about 250 each. The lists may be maintained 1n a user
account database, where a user 1s recognized by a login or by
browser cookies. For a given user, the lists will be empty the
first time the user provides a query.

Next, a query q 1s recetved from the user. The related
phrases Qr of q are retrieved, along with the phrase exten-
s1ons, 1n the manner described above. This forms the query
model.

In a first pass (e.g., 1f there are no stored query information
tor the user), the search system 120 operates to simply return
the relevant documents 1n the search result to the user’s query,
without further customized ranking.
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A client side browser tool monitors which of the docu-
ments 1n the search results the user accesses, e.g., by clicking
on the document link 1n the search results. These accessed
documents for the basis for selecting which phrases will
become part of the user model. For each such accessed docu-
ment, the search system 120 retrieves the document model for
the document, which 1s a list of phrases related to the docu-
ment. Each phrase that 1s related to the accessed document 1s
added to the user model.

Next, given the phrases related to an accessed document,
the clusters associated with these phrases can be determined
from the cluster bit vectors for each phrase. For each cluster,
cach phrase that 1s a member of the cluster 1s determined by
looking the phrase up 1n its related phrase table that contains
the cluster number, or cluster bit vector representation as
described above. This cluster number 1s then added to the user
model. In addition, for each such cluster, a counter 1s main-
tained and incremented each time a phrase in that cluster 1s
added to the user model. These counts may be used as
weights, as described below. Thus, the user model 1s built
from phrases included 1n clusters that are present on a docu-
ment that the user has expressed an interest 1n by accessing
the document.

The same general approach can be more precisely focused
to capture phrase information where a higher level of interest
than merely accessing the document 1s manifested by the user
(which the user may do simply to judge 1f indeed the docu-
ment 1s relevant). For example, the collection of phrases nto
the user model may be limited to those documents that the
user has printed, saved, stored as a favorite or link, email to
another user, or maintained open 1n a browser window for an
extended period of time (e.g., 10 minutes). These and other
actions manifest a higher level of interest in the document.

When another query 1s received from the user, the related
query phrases Qr are retrieved. These related query phrases
Qr are intersected with the phrases listed 1n the user model to
determine which phrases are present 1n both the query and the
user model. A mask bit vector 1s 1mtialized for the related
phrases of the query Qr. This bit vector 1s a bi1-bit vector as
described above. For each related phrase Qr of the query that
1s also present 1n the user model, both of the bits for this
related phrase are set in the mask bit vector. The mask bit
vector thus represents the related phrases present 1n both the
query and the user model.

The mask bit vector 1s then used to mask the related phrase
bit vector for each document in the current set of search
results by ANDing the related phrase bit vector with the mask
bit vector. This has the effect of adjusting the body score and
the anchor hit score by the mask bit vector. The documents are
then scored for their body score and anchor score as before
and presented to the user. This approach essentially requires
that a document have the query phrases that are included in
the user model 1n order to be highly ranked.

As an alternative embodiment, which does not impose the
foregoing tight constraint, the mask bit vector can be cast into
array, so that each bit 1s used to weight the cluster counts for
the related phrases 1n the user model. Thus, each of the cluster
counts gets multiplied by O or 1, effectively zeroing or main-
taining the counts. Next, these counts themselves are used as
weilghts are also used to multiply the related phrases for each
document that 1s being scored. This approach has the benefit
of allowing documents that do not have the query phrases as
related phrases to still score appropnately.

Finally, the user model may be limited to a current session,
where a session 1s an interval of time for active period of time
in search, after which session the user model 1s dumped.
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Alternatively, the user model for a given user may be persisted
over time, and then down-weighted or aged.

IV. Result Presentation

The presentation system 130 recerves the scored and sorted
search results from the search system 120, and performs
turther organizational, annotation, and clustering operations
prior to presenting the results to the user. These operations
facilitate the user’s understanding of the content of the search
results, eliminate duplicates, and provide a more representa-
tive sampling of the search results. FIG. 7 illustrates the main
functional operations of the presentation system 130:

700: Cluster documents according to topic clusters

702: Generate document descriptions
704:

Each of these operations takes as an input the search results
701 and outputs modified search results 703. As suggested by
FIG. 7, the order of these operations 1s independent, and may
be varied as desired for a given embodiment, and thus the
inputs may be pipelined instead of being in parallel as shown.

Eliminate duplicate documents.

1. Dynamic Taxonomy Generation for Presentation

For a given query, 1t 1s typical to return hundreds, perhaps
even thousands of documents that satisfy the query. In many
cases, certain documents, while having different content from
cach other, are sufficiently related to form a meaningtul group
of related documents, essentially a cluster. Most users how-
ever, do not review beyond the first 30 or 40 documents in the
search results. Thus, 11 the first 100 documents for example,
would come from three clusters, but the next 100 documents
represent an additional four clusters, then without further
adjustment, the user will typically notreview these later docu-
ments, which i fact may be quite relevant to the user’s query
since they represent a variety of different topics related to the
query. Thus, 1t 1s here desirable to provide the user with a
sample of documents from each cluster, thereby exposing the
user to a broader selection of different documents from the
search results. The presentation system 130 does this as fol-
lows.

As 1n other aspects of the system 100, the presentation
system 130 makes use of the related phrase blt vector for each
document d 1n the search results. More specifically, for each
query phrase Q, and for each document d 1n Q’s posting list,
the related phrase bit vector indicates which related phrases
Qr are present 1n the document. Over the set of documents 1n
the search results then, for each related phrase Qr, a count 1s
determined for how many documents contain the related
phrase Qr by adding up the bit values in the bit position
corresponding to Qr. When summed and sorted over the
search results, the most frequently occurring related phrases
Qr will be indicated, each of which will be a cluster of docu-
ments. The most frequently occurring related phrase 1s the
first cluster, which takes as its name 1ts related phrase Qr, and
so on for the top three to five clusters. Thus, each of the top
clusters has been 1dentified, along with the phrase Qr as a
name or heading for the cluster.

Now, documents from each cluster can be presented to the
user 1n various ways. In one application, a fixed number of
documents from each cluster can be presented, for example,
the 10 top scoring documents in each cluster. In another
application, a proportional number of documents from each
cluster may be presented. Thus, 11 there are 100 documents 1n
the search result, with 50 1n cluster 1, 30 1n cluster 2, 10 1n
cluster 3, 7 1n cluster 4, and 3 1n cluster 5, and 1ts desired to
present only 20 documents, then the documents would be
select as follows: 10 documents from cluster 1; 7 documents
from cluster 2, 2 documents from cluster 3, and 1 document
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from cluster 4. The documents can then be shown to the user,
grouped accordingly under the appropriate cluster names as
headings.

For example, assume a search query of “blue merle agility
training’’, for which the search system 120 retrieves 100 docu-
ments. The search system 120 will have already identified
“blue merle” and “‘agility training” as query phrases. The
related phrases of these query phrases as:

“blue merle”:: “Australian Shepherd,” “red merle,” “tr1-
color,” “aussie’;
“agility traimng”:: “weave poles,” “teeter,” “‘tunnel,”

“obstacle,” “border collie”.

The presentation system 130 then determines for each of
the above related phrases of each query phrase, a count of the
number of documents contain such phrase. For example,
assume that the phrase “weave poles” appears in 75 of the 100
documents, “teeter” appears in 60 documents, “red merle”
appears 1 50 documents. Then the first cluster 1s named
“weave poles” and a selected number of documents from that
cluster are presented; the second cluster 1s named “teeter,”
and selected number are presented as well, and so forth. For a
fixed presentation, 10 documents from each cluster may be
selected. A proportional presentation would use a proportion-
ate number of documents from each cluster, relative to the
total number of documents.

2. Topic Based Document Descriptions

A second function of the presentation system 130 1s the
creation 702 of a document description that can inserted into
the search result presentation for each document. These
descriptions are based on the related phrases that are present
in each document, and thus help the user understand what the
document 1s about 1n a way that 1s contextually related to the
search. The document descriptions can be either general or
personalized to the user.

a) General Topic Document Descriptions

As before, given a query, the search system 120 has deter-
mined the related query phrases Qr and the phrase extensions
of the query phrases as well, and then identified the relevant
documents for the query. The presentation system 130
accesses each document 1n the search results and perform the
follow operations.

First, the presentation system 130 ranks the sentences of
the document by the number of 1nstances of query phrases Q,
related query phrases Qr, and phrase extensions Qp, thereby
maintaining for each sentence of a document counts of these
three aspects.

Then the sentences are sorted by these counts, with the first
sort key being the count of query phrases Q the second sort
key being the count of related query phrases Qr, and the final
sort key being the count of phrase extensions Qp.

Finally, the top N (e.g., 5) sentences following the sort are
used as the description of the document. This set of sentences
can be formatted and included in the presentation of the
document 1n the modified search results 703. This process 1s
repeated for some number of documents 1n the search results,
and may be done on demand each time the user requests a next
page ol the results.

b) Personalized Topic Based Document Descriptions

In embodiments where personalization of the search
results 1s provided, the document descriptions can likewise be
personalized to retlect the user interests as expressed in the
user model. The presentation system 130 does this as follows.
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First, the presentation system 130 determines, as before,
the related phrases that are relevant to the user by intersecting
the query related phrases Qr with the user model (which lists
the phrases occurring 1n documents accessed by the user).

The presentation system 130 then stable sorts this set of
user related phrases Ur according to the value of the bit
vectors themselves, prepending the sorted list to the list of
query related phrases Qr, and removes any duplicate phrases.
The stable sort maintains the existing order of equally ranked
phrases. This results in a set of related phrases which related
to the query or the user, called set Qu.

Now, the presentation system 130 uses this ordered list of
phrases as the basis for ranking the sentences 1n each docu-
ment in the search results, 1n a manner similar to the general
document description process described above. Thus, for a
given document, the presentation system 130 ranks the sen-
tences of the document by the number of 1nstances of each of
the user related phrases and the query related phrases Qu, and
sorts the ranked sentences according to the query counts, and
finally sorts based on the number of phrase extensions for
cach such phrase. Whereas previously the sort keys where 1n
the order of the query phrases Q, related query phrases Qr, and
phrase extension Qp, here the sort keys are 1n the order of the
highest to lowest ranked user related phrases Ur.

Again, this process 1s repeated for the documents in the
search results (either on demand or aforehand). For each such
document then the resulting document description comprises
the N top ranked sentences from the document. Here, these
sentences will the ones that have the highest numbers of user
related phrases Ur, and thus represent the key sentences of the
document that express the concepts and topics most relevant
to the user (at least according to the information captured in
the user model).

3. Duplicate Document Detection and Elimination

In large corpuses such as the Internet, 1t 1s quite common
for there to be multiple mnstances of the same document, or
portions of a document 1n many different locations. For
example, a given news article produced by a news bureau
such as the Associated Press, may be replicated 1n a dozen or
more websites of individual newspapers. Including all of
these duplicate documents 1n response to a search query only
burdens the user with redundant information, and does not
uselully respond to the query. Thus, the presentation system
130 provides a turther capability 704 to identity documents
that are likely to be duplicates or near duplicates of each other,
and only include one of these 1n the search results. Conse-
quently, the user recerves a much more diversified and robust
set of results, and does not have to waste time reviewing
documents that are duplicates of each other. The presentation
system 130 provides the functionality as follows.

The presentation system 130 processes each document in
the search result set 701. For each document d, the presenta-
tion system 130 first determines the list of related phrases R
associated with the document. For each of these related
phrases, the presentation system 130 ranks the sentences of
the document according to the frequency of occurrence of
cach of these phrases, and then selects the top N (e.g., 5 to 10)
ranking sentences. This set of sentences 1s then stored in
association with the document. One way to do this 1s to
concatenate the selected sentences, and then take use a hash
table to store the document 1dentifier.

Then, the presentation system 130 compares the selected
sentences of each document d to the selected sentences of the
other documents 1n the search results 701, and 1f the selected
sentences match (within a tolerance), the documents are pre-
sumed to be duplicates, and one of them 1s removed from the
search results. For example, the presentation system 130 can
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hash the concatenated sentences, and 11 the hash table already
has an entry for the hash value, then this indicates that the
current document and presently hashed document are dupli-
cates. The presentation system 130 can then update the table
with the document ID of one of the documents. Preferably, the
presentation system 130 keeps the document that has a higher
page rank or other query independent measure of document
significance. In addition, the presentation system 130 can
modity the index 150 to remove the duplicate document, so
that 1t will not appear in future search results for any query.

The same duplicate elimination process may be applied by
the mdexing system 110 directly. When a document 1s
crawled, the above described document description process 1s
performed to obtain the selected sentences, and then the hash
of these sentences. If the hash table 1s filled, then again the
newly crawled document 1s deemed to be a duplicate of a
previous document. Again, the indexing system 110 can then
keep the document with the higher page rank or other query
independent measure.

The present invention has been described in particular
detail with respect to one possible embodiment. Those of skill
in the art will appreciate that the invention may be practiced in
other embodiments. First, the particular naming of the com-
ponents, capitalization of terms, the attributes, data struc-
tures, or any other programming or structural aspect 1s not
mandatory or significant, and the mechanisms that implement
the 1nvention or its features may have different names, for-
mats, or protocols. Further, the system may be implemented
via a combination of hardware and software, as described, or
entirely 1n hardware elements. Also, the particular division of
functionality between the wvarious system components
described herein 1s merely exemplary, and not mandatory;
functions performed by a single system component may
instead be performed by multiple components, and functions
performed by multiple components may instead performed
by a single component.

Some portions of above description present the features of
the present invention 1n terms of algorithms and symbolic
representations of operations on information. These algorith-
mic descriptions and representations are the means used by
those skilled 1n the data processing arts to most effectively
convey the substance of their work to others skilled in the art.
These operations, while described functionally or logically,
are understood to be implemented by computer programs.
Furthermore, 1t has also proven convenient at times, to refer to
these arrangements of operations as modules or by functional
names, without loss of generality.

Unless specifically stated otherwise as apparent from the
above discussion, 1t 1s appreciated that throughout the
description, discussions utilizing terms such as “processing”
or “computing” or “calculating” or “determining” or “dis-
playing” or the like, refer to the action and processes of a
computer system, or similar electronic computing device,
that manipulates and transforms data represented as physical
(electronic) quantities within the computer system memories
or registers or other such information storage, transmission or
display devices.

Certain aspects of the present invention include process
steps and instructions described heremn 1n the form of an
algorithm. It should be noted that the process steps and
istructions of the present mvention could be embodied 1n
software, firmware or hardware, and when embodied 1n soft-
ware, could be downloaded to reside on and be operated from
different platforms used by real time network operating sys-
tems.

The present invention also relates to an apparatus for per-
forming the operations herein. This apparatus may be spe-
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cially constructed for the required purposes, or 1t may com-
prise a general-purpose computer selectively activated or
reconfigured by a computer program stored on a computer
readable medium that can be accessed by the computer. Such
a computer program may be stored 1 a computer readable
storage medium, such as, but is not limited to, any type of disk
including floppy disks, optical disks, CD-ROMs, magnetic-
optical disks, read-only memories (ROMs), random access
memories (RAMs), EPROMs, EEPROMs, magnetic or opti-
cal cards, application specific integrated circuits (ASICs), or
any type of media suitable for storing electronic instructions,
and each coupled to a computer system bus. Furthermore, the
computers referred to 1n the specification may include a
single processor or may be architectures employing multiple
processor designs for increased computing capability.

The algorithms and operations presented herein are not
inherently related to any particular computer or other appa-
ratus. Various general-purpose systems may also be used with
programs 1n accordance with the teachings herein, or it may
prove convenient to construct more specialized apparatus to
perform the required method steps. The required structure for
a variety of these systems will be apparent to those of skill in
the, along with equivalent variations. In addition, the present
invention 1s not described with reference to any particular
programming language. It 1s appreciated that a variety of
programming languages may be used to implement the teach-
ings of the present ivention as described herein, and any
references to specific languages are provided for disclosure of
enablement and best mode of the present invention.

The present mvention 1s well suited to a wide variety of
computer network systems over numerous topologies. Within
this field, the configuration and management of large net-
works comprise storage devices and computers that are com-
municatively coupled to dissimilar computers and storage
devices over a network, such as the Internet.

Finally, 1t should be noted that the language used in the
specification has been principally selected for readability and
instructional purposes, and may not have been selected to
delineate or circumscribe the inventive subject matter.
Accordingly, the disclosure of the present invention 1s
intended to be illustrative, but not limiting, of the scope of the
invention, which 1s set forth in the following claims.

I claim:

1. A method of indexing documents 1n a document collec-
tion, each document having an associated identifier, the
method comprising:

providing a list of phrases;

identifying, by operation of a processor adapted to manipu-

late data within a computer system, for a given docu-
ment, phrases from the list of phrases that are present in
the document;

for each 1dentified phrase 1n the document:

identifying, by operation of a processor adapted to
manipulate data within a computer system, a related

phrase also present in the document, wherein for each
phrase g, g, 1s a related phrase of phrase g; where an
information gain [ ot g, with respect to g, exceeds a
predetermined threshold, the information gain I being
a function of A(3.k) and E(3,k), where A(3,k) 1s a mea-
sure of an actual co-occurrence rate ot g, and g;, and
E(j.k) 1s an expected co-occurrence rate g and g, and
indexing, by operation of a processor adapted to
manipulate data within a computer system, the docu-
ment by storing the identifier of the document and an
indication of each related phrase g, also present in the
document, in a posting list of the identified phrase g ..
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2. The method of claim 1, wherein identifying for a given
document, phrases from the list of phrases that are present 1n
the document, comprises:

traversing the words of the document with a multiword

phrase window.

3. The method of claim 1, wherein the predetermined
threshold 1s about 100.

4. The method of claim 1, wherein the information gain I of
g, with respect to g 1s:

1, lk)=A(, k) E(, k).

5. The method of claim 1, wherein storing an indication of
cach related phrase g, also present in the document 1n a
posting list of the 1dentified phrase further comprises:

storing, for each related phrase present 1n the document,

said related phrase being a primary related phrase, an
indication of at least one secondary related phrase that 1s

a related phrase of the primary related phrase and that 1s
also present 1n the document.

6. The method of claim 5, wherein the 1indications of the
secondary related phrases are stored in order of decreasing
information gain.

7. The method of claim 5, further comprising, for each
given document, 1dentifying a primary topic and a secondary
topic based upon the identified phrases and related phrases
present 1n the document.

8. The method of claim 1, further comprising, for each
identified phrase in the document:

determiming whether the identified phrase appears as

anchor text for a hyperlink 1in the document pointing to a
target document;
responsive to the identified phrase appearing as anchor
text, determining a link score for the identified phrase
based upon related phrases of the 1dentified phrase; and

storing the link score 1n the posting list for the 1dentified
phrase and in association with the document.

9. The method of claim 1, further comprising:

storing in the posting list of the phrase a number of related

phrases present in the document.

10. A method of indexing documents in a document col-
lection, each document having an associated 1dentifier, the
method comprising:

providing a list of valid phrases, wherein each phrase on the

list appears a minimum number of times 1n the document
collection, and predicts at least one other phrase,
wherein for each phrase g, g; predicts g; where an infor-
mation gain I of'g; with respect to g, exceeds a predeter-
mined threshold, the information gain I being a function
of A(1,k) and E(3.k), where A(1,k) 1s a measure of an
actual co-occurrence rate of g; and g;, and E(j.k) 1s an
expected co-occurrence rate g and g

accessing a plurality of documents in the document collec-

tion;

for each accessed document, 1dentifying, by operation of a

processor adapted to manipulate data within a computer
system, phrases from the list of valid phrases that are
present 1n the document; and

for each i1dentified phrase in the document, indexing, by
operation of a processor adapted to manipulate data
within a computer system, the document by storing the
identifier of the document 1n a posting list of the phrase.

11. The method of claim 10, wherein the predetermined
threshold 1s about 1.3.

12. A computer-implemented system for indexing docu-
ments 1 a document collection, each document having an
associated i1dentifier, comprising:
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a phrase-based index comprising a list of phrases and a
plurality of phrase posting lists, each phrase posting list
associated with a phrase in the list of phrases; and

an 1ndexing system adapted to:

30

15. A tangible computer readable storage medium storing a
computer program executable by a processor for indexing
documents 1n a document collection, each document having
an associated i1dentifier, the operations of the computer pro-

identify for a given document, phrases from the list of 5 gram comprising:

phrases that are present 1n the document;
for each 1dentified phrase 1n the document:

identity a related phrase also present 1n the document,
wherein for each phrase g, g, 1s a related phrase of
phrase g, where an mnformation gain I of g, with
respect to g, exceeds a predetermined threshold, the
information gain I being a function of A(y,k) and
E(1,k), where A(y,k) 1s a measure of an actual co-
occurrence rate of g, and g,, and E(.k) 1s an
expected co-occurrence rate g and g,, and

index the document by storing the identifier of the
document and an indication of each related phrase
g, also present in the document, 1n the phrase-based
index, within a posting list associated with the 1den-
tified phrase.

13. A tangible computer readable storage medium storing a
computer program executable by a processor for indexing
documents 1n a document collection, each document having
an associated identifier, the operations of the computer pro-
gram comprising:

providing a list of phrases;

identifying for a given document, phrases from the list of

phrases that are present in the document;

for each 1dentified phrase in the document:

identifying a related phrase also present 1n the document,

wherein for each phrase g, g, i1s a related phrase of
phrase g where an information gain I of g, with respect
to g; exceeds a predetermined threshold, the information
gain I being a function of A(3.k) and E(j.k), where A(3.k)
1s a measure of an actual co-occurrence rate ot g and g,
and E(j.k) 1s an expected co-occurrence rate g and g;,
and

indexing the document by storing the identifier ol the docu-

ment and an indication of each related phrase also
present 1n the document, 1n a posting list of the identified
phrase.

14. A computer-implemented system for indexing docu-
ments 1 a document collection, each document having an
associated 1dentifier, comprising;:

a phrase-based 1ndex comprising:

a list of valid phrases, each phrase on the list appearing
a minimum number of times 1n the document collec-
tion, and predicting at least one other phrase, wherein
tor each phrase g, g, predicts g; where an information
gain I ot g, withrespect to g, exceeds a predetermined
threshold, the information gain I being a function of
AQ(,k) and E(.k), where A(3,k) 1s a measure of an
actual co-occurrence rate of g;and g, and E(j.k) 1s an
expected co-occurrence rate g and g, and

a plurality of phrase posting lists, each phrase posting
l1st associated with a phrase in the list of valid phrases;
and

an 1ndexing system adapted to:

access a plurality of documents in the document collec-
tion,

for each accessed document, identify phrases from the
l1st of valid phrases that are present in the document,
and

for each identified phrase in the document, store the
identifier of the document 1n the phrase-based 1ndex,
within a posting list of the 1dentified phrase.
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providing a list of valid phrases, wherein each phrase onthe
list appears a minimum number of times 1n the document
collection, and predicts at least one other phrase,
wherein for each phrase g, g, predicts g; where an infor-
mation gain I of'g; with respect to g, exceeds a predeter-
mined threshold, the information gain I being a function
of A(3,k) and E(3.k), where A(1,k) 1s a measure of an
actual co-occurrence rate of g; and g;, and E(j.,k) 1s an
expected co-occurrence rate g; and g, ;

accessing a plurality of documents in the document collec-
tion;

for each accessed document, identifying phrases from the
l1st of valid phrases that are present 1n the document; and

for each identified phrase in the document, storing the
identifier of the document 1n a posting list of the phrase.

16. A computer-implemented method of indexing a docu-
ment 1n an mdex, the document having an associated 1denti-
fier, the method comprising:

storing a list of phrases, including related phrases, wherein
tor each phrase g, g, 1s a related phrase of phrase g,
where an information gain I of g, with respect to g,
exceeds a predetermined threshold, the information gain
I being a function of A(y,k) and E(3.k), where A(3.k) 1s a
measure of an actual co-occurrence rate ot g, and g, and

E(j.k) 1s an expected co-occurrence rate g and g

storing a plurality of phrase posting lists 1n the index, each
phrase posting list associated with a phrase 1n the list of
phrases;

identifying, by operation of a processor adapted to manipu-
late data within a computer system, a phrase in the list of
phrases for which there 1s at least one instance 1n the
document; and

storing an 1ndication of a related phrase for which there 1s

also an 1stance in the document, in the phrase posting,
list of the 1dentified phrase.

17. A method of indexing documents in a document col-
lection, each document having an associated i1dentifier, the
method comprising:

providing a list of phrases;

identifying, by operation of a processor adapted to manipu-

late data within a computer system, for a given docu-

ment, phrases from the list of phrases that are present in
the document;

for each 1dentified phrase 1n the document:

identifying, by operation of a processor adapted to
manipulate data within a computer system, a related
phrase also present in the document;

indexing, by operation of a processor adapted to
manipulate data within a Computer system, the docu-
ment by storing the 1dentifier of the document and an
indication of each related phrase also present in the
document, 1n a posting list of the identified phrase;

determining, by operation of a processor adapted to
manipulate data within a computer system, whether
the 1dentified phrase appears as anchor text for a
hyperlink 1n the document pointing to a target docu-
ment;

responsive to the identified phrase appearing as anchor
text, determiming a link score for the identified phrase
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based upon related phrases of the identified phrase; an indexing system adapted to:
and identily for a given document, phrases from the list of
storing the link score 1n the posting list of the identified phrases that are present in the document;
phrase and in association with the document. for each 1dentified phrase in the document:
18. The method of claim 17, wherein determining a link 3 1dentity a related phrase also present in the document,
score for the identified phrase further comprises: index the document by storing the 1dentifier of the
determining an inlink score based upon related phrases of document and an indication of each related phrase
the identified phrase that are present in the target docu- g also presentin the document, in the phrase-based
ment. index, within a posting list associated with the 1den-

10 tified phrase
determine whether the i1dentified phrase appears as
anchor text for a hyperlink in the document point-
ing to a target document;
responsive to the identified phrase appearing as

19. The method of claim 17, wherein determining a link
score for the 1dentifier phrase further comprises:

determining an outlink score for the identified phrase based
upon related phrases of the 1dentified phrase that are also
present 1n the document.

50 A . q for indexine d 15 anchor text, determine a link score for the identified
- £\ computer-implemented system 1or indexing docu- phrase based upon related phrases of the identified
ments 1n a document collection, each document having an phrase, and

associated 1dentifier, comprising;:
a phrase-based index comprising a list of phrases and a
plurality of phrase posting lists, each phrase posting list
associated with a phrase in the list of phrases; and I T

store the link score in the posting list for the 1dentified
phrase and in association with the document.
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